A cannulation system with fixat ion by a metal cuff around the tail was used for blood sampling. T he cannula was guided subcutaneously and positioned in the vena cava after entering the body via the femoral vein. Histopathology was performed after long-term cannulati on of up to 35 and 45 days. T he presence of the cannula in the vena cava induced endothelial hypertrophy and hyperplasia accompanied by stromal hypertrophy. T he endothelial activat ion was not limited to the vena cava but was also observed in both the cannulated vena iliaca and the contralateral control vena iliaca, the latt er showing only minor alterations. In the lung, thrombi were noted in the larger lung arteries; and foreign body emboli, probably situated in the alveolar septi, could be detected occasionally. Inflammatory reactions in the tail at the site of cuff fixation consisted of a mixture of acute and chronic inflammatory responses. T he chronic inflam mation extended into the tai l muscles, as shown by the presence of fibrous tissue associated with muscle degeneration. In conclusion, prolonged venous cannulation in rats resulted in local alterat ions in the veins, small emboli in the lungs and a moderate to marked inflammation in the tail. However, the procedure itself was well tolerat ed by the animals.
In anim al experimentation the frequent or continuous sam pling of blood and = or infusion of¯uids poses a problem . In order to avoid frequent handling and disturbanc e of the anim als, techniques for continuous cannulati on have been developed. One of the techniques for long-term venous infusion was described by Slack and Jones (1987 ) . T he fem oral vein, rather than the tail vein or jugular vein, was used for the infusion site and the cannula was advanc ed into the vena cava. Advancing the cannula from the femoral vein to the vena cava lengthens the patency tim e considerably (Akrawi & Wedlund 1987 ) . Fixation of the cannula was achieved by guiding the cannula subcutaneously to the base of the tail where a metal cuff and a stainless steel tension spring were applied for its ®xati on and protection. T his method allows relatively stress-free conditions for blood sam pling in freely-m oving rats, which is con®rmed by the low levels of corticosteroids measured in control animals when using this technique (Van Raaij e t a l. 1997a,b). Prevention of blood clotting and obstruction of the catheter may be achieved by continuous infusion of small quantit ies of saline or by`plugging' the catheter with a viscous heparin-polyvinylpyrrolidon (PVP) solution (Tsui e t a l. 1991 , Salauze & Cave 1995 .
Most studies of continuous cannulation report on the techniques used, the drug pharmacokinetic pro®le, or the blood parameters after exposure of the animals to various agents. We report the pathological consequences of the cannula being inserted in the vena cava and the local side effects at the site of cuff ®xat ion on the tail.
Materials and methods

Anim a ls
Male (nˆ25 ) Expe rim e nta l pro ce d ure T he vena cava was cannulated via the fem oral vein under anaesthesia with midazolan (4 mg = kg s.c., Dormicum 1 ) and fentanyl =¯u anisone (0.4 ml = kg s.c., Hypnorm 1 ). T he cannulation procedure was performed as reported previously (Akrawi & Wedlund 1987 , Slack & Jones 1987 , Van Raaij e t a l. 1997a). T he cannula used was an 8 cm silicone tube (ID 0.020 in. = OD 0.037 in.) coupled to a 50 cm polyethylene tube (ID 0.023 in. = OD 0.038 in.). An incision was made over the groin and the femoral vein was exposed. T he cannula was placed in the vena cava via the femoral vein and was tunnelled subcutaneously to the tail. Tunnelling was performed with a hollow introducer (a ®leddown 18 gauge needle). T he cannula was led through the needle, and the needle was removed. T he cannula left the dorsal site of the tail and was ®xed with a lightweight aluminium tail-c uff equipped with a stainless steel wire spring to protect the cannula. T he tai l-cuff was ®xed subcutaneously on the tail with a stainless steel wire. T he cannula was ®lled with 0.08 ml PVP solution followed by 0.1 ml heparinized saline (10 IU = ml).
T he animals received a single postoperative analgesia treatm ent with buprenorphine (0.1 mg = kg s.c., Temgesic 1 ) and were left to recover for 8 days before the experimental procedures were start ed. T he cannula system was used for blood sampling to measure the effect of stressors and the results were reported elsewhere (Van Raaij e t a l. 1997a,b). After completing the experiment on stressors the anim als remained under investigati on in order to determine the effects of prolonged cannulation. T hese animals were autopsied at day 35 (nˆ12), day 42 (nˆ6) or day 45 (nˆ7) after cannulation.
Histo pa th o lo gic a l te c h niq ue s
Histopathology was performed on veins (nˆ25) harbouring the cannula, i.e. the vena cava and the vena iliaca. T he contralat eral vena iliaca was used as a control. Samples of adrenals (nˆ25 ), heart (nˆ13), lung (nˆ25 ), liver (nˆ1) and kidney (nˆ25 ) were collected, but not all these organs were investigat ed in all the animals. In addition, sam ples of the tail (nˆ25 ) close to and beneath the metal cuff, to include muscle and skin, and several lym ph nodes (nˆ15 ) draining the site of the surgical procedure were investigated. All tissue sam ples were ®xed in 4 % neutral buffered formaldehyde. Tail samples were decalci®ed. After ®xati on, tissue samples were embedded in paraf® n wax, and 5 mm sections were stained with haematoxyl in and eosin (H& E). Tissue samples of veins containing the cannulae were embedded in plastic (GMA, glycolmethacrylate, Technovit 7100, Heraeus Kulzer GmbH, Wehrheim, Germany) and semithin (1 mm) sections were stained with Toluidine blue (T B). Additionally, for identi®cation of collagen a Sirius Red staining was performed.
Histopathological ®ndings were documented using the PAT HOS data entry and reporting system (Path ology Operating Systems Ltd, Harrogate, England) or manually. For grading of lesions a semiquantitative scoring system was used (m inimal, slight, moderate, marked and severe).
Results
C linic a l find ings
T he general condition of the anim als at gross examination was good. T here were no indications of behavioural abnormalities during the observation period.
C a nnula func tio n
At autopsy 58 % of the cannulae were still functional for both blood sampling and infusion (Table 1) . Of the 11 cannulae that becam e blocked the obstruction was intraabdom inal in seven, and between the metal cuff and the femoral vein in four animals, since in these latter anim als blood sampling was possible at the femoral vein.
Ta il
Ulceration was present beneath the tail cuffs in most animals. Abscesses were present around the stainless steel sutures. Microscopically the ulceration was generally accompanied by exudative in¯ammation with necrosis and polym orphonuclear leukocytes. In addition, chronic in¯am mation was present, consisting of ®brous granulation tissue occupying the subcutis and extending into the muscle sheaths. In the connective tissue sheaths surrounding the muscle bundles (perimysium) and the muscles the ®broblastic granulation reaction extended to areas beyond the super®cial skin injury. In some animals the exudative in¯am mation was the most pronounced charact eristic of the reaction, while in others the ®brous reaction was more prominent. T he ®brous reaction extending into the tail muscle was associat ed with degeneration (Fig 1) . T he degeneration was locally charact erized by loss of myo®brils and in¯ux of macrophages and some neutrophils.
Ulceration could not always be con®rmed microscopically. However, moderate to marked localized damage to the tai l at 42±45 days after surgery was seen. For the tail, not all pathological diagnoses (abscess, ®brous tissue, hyperplasia, necrosis, ulceration) could be established for all anim als due to incomplete tail sections. T hus, these diagnoses may have been underscored.
Blo o d ve sse ls (ve na c a va a nd ve na ilia c a )
In the vena cava the cannula was surrounded by a capsule consisting of ®broblast s and T he capsule was lined with endothelium at the lumen of the vena cava. (Fig 2) . Occasionally a proteinaceous deposit was observed on the catheter, and in some animals a throm bus, including re-canalizati on, was the most prominent observation. Some thrombi were lined with endothelium at the lumen of the vena cava. Mild in¯ammation around the vena cava was only occasionally observed. Cuboidal endothelium could be observed in the vena cava and vena iliaca at the site of the cannula as well as in control contralateral vena iliaca.
In addition, focal endothelial hyperplasia with intim al proliferati on was observed, accompanied by stromal hypertrophy forming polypoid extensions into the lumen (Fig 3) . T he polypoid extensions had a varied cellular content ranging from low to highly cellular, including some lymphocytes, macrophage = histiocyte-lik e cells and hyperplastic endothelial cells. T he stroma in the polypoid extensions could be identi®ed as collagen, as indicated by a positive Sirius Red staining.
Lung
Ten out of 25 investigated animals were diagnosed with lung emboli, 2 of 12 (17 % ) at day 32, 3 of 6 (50 % ) at day 42 and 5 of 7 (71 % ) at day 45 of the investigated animals. In each anim al only a few emboli were detected. Two types of emboli could be distinguished. One consisted of an embolus with a granulom atous reaction containing birefringent material, with the typical appearance of a foreign body granuloma (Fig 4a) . As the cannula was ®lled with a PVP plug in order to prevent blood re¯ux and coagulation in the catheter, the foreign body birefringent emboli in the lung might be either catheter material or PVP. Birefringence, however, was not observed when a PVP solution was examined in a microscope. T he granulomas appeared to be present in the alveolar septa, almost completely ®lling the adjacent alveolus. T he second type of embolus was present in the arteries of the lung and consisted of a ®brin thrombus containing cellular debris (Fig 4b) .
T he foreign body granulomas were observed in eight animals while vascular thrombi were observed in two animals.
O th e r o rga ns
Lesions in adrenals, heart, kidney and local lymph nodes were minimal or absent, and were considered to represent the normal backgroun d histopathology of the rat strain used (data not shown).
Discussion
T he cannulati on procedure was well tolerated, considering the results obtai ned in the experiment for noise-induced stress, which took place 10±20 days before histological evaluati on of the cannula. Apart from crustation = ulceration beneath the tail cuff, the cannulated animals showed normal gross appearance, weight gain and food intake. Moreover the levels of stress hormones (corticosteroids, prolactin, noradrenalin and adrenalin) measured in these animals 10±20 days before autopsy were among the lowest reported in the literature (Van Raaij e t a l. 1997a,b). In several species, including man, post-surgical pain and stress were reported to increase stress hormone levels (Graham e t a l. 1997, Berguer e t a l. 1998, Taylor e t a l. 1998, Friedrich e t a l. 1999, Smith e t a l. 1999 ). T he in¯am matory response in the tail probably resulted in minimal discomfort, pain or stress, since increased levels of stress hormones or changes in open behavioural parameters were not observed (Van Raaij e t a l. 1997a,b). Ulceration and a mixture of acute and chronic in¯am mation were present at the site of ®xation of the tai l cuff. Chronic in¯am mation, as indicated by the presence of ®brous tissue, extended into the muscle of the tail. Unfortunately we did not take a consistent look at the relative location of the sam pled areas compared with the locat ion of the cuff, so the extent of such lesions was not established.
T he cannula itself provoked a`foreign body reaction' within the veins resulting in its encapsulation. Also protein deposits were noted on the catheter, probably contributing to thrombus formation. Both for the cannula capsules and the thrombi, (re)canalizati on with small blood capillaries had occurred. In general no signs of severe obstruction, such as distal hyperaem ia, oedema or aneurysm, were noted in the anim als investigat ed. T he presence of the cannula had resulted in swollen endothelium probably as a reaction to damage by mechanical trauma. At the site of the cannula, endothelial and stromal hypertrophy were present, with intimal hyperplasia, along with polypoid extensions in the lumen of the vein. Activat ed cuboidal endothelium was observed not only in the veins in which the cannula was present but also in the contralateral vein, although to a lesser extent. In our study the local in¯ammat ory responses around the veins were mild. No indicat ions of bac terial infections were observed. However, abscesses suggesting bac terial contam ination were present in the skin under the aluminium cuff, as determined by histological exam ination.
In some animals throm bi were observed adjacent to the cannula. Besides local thrombosis, emboli were detected in the lung, some consisting of birefringent mat erial and others consisting of thrombi in small and large arteries. T he birefringent material originated most likely from the silicone or polyethylene part of the cannula system, since the PVP ®lling solution did not show birefringency under the microscope. Foreign body reaction was present surrounding the birefringent material. T he emboli were detected in 40 % of the animals investigat ed. T here were only a few emboli and most of these were relatively small, so that functional effects were probably minor.
In conclusion, our results show that prologed cannulation using the tail region in rats leads to local alterations in the veins, small emboli in the lungs, and a moderat e to marked in¯ammation in the tail. However, the stress imposed on the animals by the cannulati on procedure may be considered as minor, in view of the low corticosteroid levels and open behavioural parameters (Van Raai j e t a l. 1997a,b). In general the procedure was well tolerated by the anim als.
